To evaluate the effect of combined kidney and pancreas transplantation on insulin action and glucose metabolism, 15 Type 1 (insulin-dependent) diabetic patients who were undergoing combined kidney-pancreas transplantation were studied before transplantation by means of the euglycaemic hyperinsulinaemic clamp technique combined with 3-3H-glucose infusion and indirect calorimetry. Nine of the original 15 patients were studied again after four months and six after 12 months, successful combined kidney-pancreas transplantation with the same experimental protocol. Nine volunteers formed the group of normal subjects. Combined kidney-pancreas transplantation normalised hepatic glucose production and reduced peripheral insulin resistance in Type 1 diabetic uraemic patients, despite chronic immunosuppressive therapy. To further evaluate the hypothesis that residual insulin resistance was due to chronic steroid therapy, 11 additional subjects with chronic uveitis (six of whom were treated with only prednisone, and five treated only with cyclosporin) underwent the same protocol demonstrating a normal hepatic glucose production. The insulin-stimulated peripheral glucose uptake was reduced in the prednisonetreated group, but normal in cyclosporin-treated subjects. Four additional diabetic patients with a kidney transplant were also studied. They showed a peripheral insulin sensitivity intermediate between diabetic uraemic patients and patients after combined transplant. We conclude that shortterm (one year) combined kidney-pancreas transplantation improves glucose metabolism by restoring normal rates of hepatic glucose production and reducing peripheral insulin resistance; chronic steroid therapy is the major determinant of residual reduced insulin action. Both kidney and pancreas substitution play a role in reducing peripheral insulin resistance.
Summary.
To evaluate the effect of combined kidney and pancreas transplantation on insulin action and glucose metabolism, 15 Type 1 (insulin-dependent) diabetic patients who were undergoing combined kidney-pancreas transplantation were studied before transplantation by means of the euglycaemic hyperinsulinaemic clamp technique combined with 3-3H-glucose infusion and indirect calorimetry. Nine of the original 15 patients were studied again after four months and six after 12 months, successful combined kidney-pancreas transplantation with the same experimental protocol. Nine volunteers formed the group of normal subjects. Combined kidney-pancreas transplantation normalised hepatic glucose production and reduced peripheral insulin resistance in Type 1 diabetic uraemic patients, despite chronic immunosuppressive therapy. To further evaluate the hypothesis that residual insulin resistance was due to chronic steroid therapy, 11 additional subjects with chronic uveitis (six of whom were treated with only prednisone, and five treated only with cyclosporin) underwent the same protocol demonstrating a normal hepatic glucose production. The insulin-stimulated peripheral glucose uptake was reduced in the prednisonetreated group, but normal in cyclosporin-treated subjects. Four additional diabetic patients with a kidney transplant were also studied. They showed a peripheral insulin sensitivity intermediate between diabetic uraemic patients and patients after combined transplant. We conclude that shortterm (one year) combined kidney-pancreas transplantation improves glucose metabolism by restoring normal rates of hepatic glucose production and reducing peripheral insulin resistance; chronic steroid therapy is the major determinant of residual reduced insulin action. Both kidney and pancreas substitution play a role in reducing peripheral insulin resistance.
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In recent years pancreas transplant alone, or combined with kidney transplant, has become an innovative surgical practice in the treatment of Type i (insulin-dependent) diabetes mellitus with late complications, especially end stage renal failure [1] [2] [3] [4] [5] . The different surgical approaches have all been effective, in the short-term, correcting both hyperglycaemia [3] [4] [5] [6] [7] and the maj or metabolic alterations usually present in Type 1 diabetes [5, [7] [8] . However, little information is available on the effect of endocrine pancreas function substitution on long-term metabolic control [9] [10] [11] and on insulin resistance, associated with both Type 1 and Type 2 (non-insulin-dependent) diabetes. Indeed, one of the major inconveniences in the long-term management of transplanted patients is the need to continue chronic immunosuppressive therapy [12] . Among the drugs used for immunosuppression, prednisone is the one which may antagonize peripheral insulin action [13] [14] [15] , causing the development of insulin resistance. We have studied the effect of combined kidney-pancreas transplantation on "in vivo" insulin action, both at the liver and at peripheral sites, by means of the tritiated glucose technique, combined with the euglycaemic insulin clamp and indirect calorimetry. In addition, we have studied the effect of chronic therapy with steroids and cyclosporin A on glucose metabolism in subjects with localized ocular diseases (but no systemic disease), as a control group for kidney-pancreas transplanted patients.
Subjects and methods

Subjects
Since January, 1986, 15 subjects (7 females, 8 males) have had combined kidney-pancreas transplantation in our institution. All the subjects had Type 1 diabetes (duration of diabetes = 24 + 4 years) combined with end stage renal failure (duration of haemodialysis = 22 _+ 4 months) at the time of transplantation. In Table 1 the clinical and laboratory characteristics are summarized before and after 4 + 1 and 12 + 2 months of combined kidney-pancreas transplantation, together with the drugs taken by the study subjects after surgery, as well as the relevant data in all the groups of patients described below. Four different control groups were studied, indicated as groups 2 (normal subjects), 3 (control subjects on long-term steroid therapy), 4 (control subjects on long-term cyclosporin therapy) and 5 (Type 1 diabetic subjects with isolated kidney transplantation). Informed consent was obtained from all the subjects before their participation in the study. The study protocol was approved by the local ethical committee.
Surgical approach and immunosuppression
Organs for transplantation were obtained from cadaveric donors. Kidney and pancreas transplantation was performed as previously described [3] . In particular, the transplanted pancreas was anastomosed with the left iliac artery and vein of the recipient [3] . All of the subjects studied after transplantation were on the following immunosuppressive treatment for at least 30 days before the first of the two studies: azathioprine l mg.kg-l.die-1; cyclosporin 6mg-kg-~. die-1; prednisone 10 rag/die. Experimentalprotocol ( Fig. 1) All tests were performed in the postabsorptive state beginning at 08.00 hours, following a 12 h overnight fast. A polyethylene catheter was inserted in an antecubital vein for the infusion of all test substances. A second catheter was inserted retrogradely in a wrist vein and advanced to the dorsum of the hand for blood sampling. The hand was kept in a heated box at 70 ~ to ensure arterialization of the venous blood [16] . In each study protocol a prime-continuous infusion of 3-3H-glucose (New England Nuclear, Boston, Mass., USA) was administered (a priming dose of 30 gCi followed by a continuous infusion of 0.25 gCi/min). Blood for the determination of the 3-3H -glucose specific activity was drawn every 15 min for the first 90 min and every 5 min for the last 30 min of the basal state. Blood for the determination of plasma metabolites and hormone concentrations was drawn at 15-30 min intervals during the basal period and throughout the study.
In all studies the rates of carbon dioxide production and oxygen consumption were measured by continuous indirect calorimetry as previously described [17, 18] . Briefly, a transparent plastic ventilated hood was placed over the head of the subject and made airtight around the neck. A slight negative pressure was maintained in the hood to avoid the loss of expired air. The carbon dioxide content of expired air was continuously measured by an infrared carbon dioxide analyser (model LB-2, Sensor Medics, Anaheim, Calif., USA). The oxygen content of expired air was continuously measured by an oxygen analyser (model Beckman OM 11, Anaheim, Calif., USA).
All the subjects on haemodialysis were studied 18-22 h after the end of the last dialysis session (three sessions per week). On the day preceding the study, urea plasma clearance was quantified during the standard dialysis session (4 h duration), and the blood urea clearance rate, added to the residual urinary urea excretion rate, was used as an estimate of whole body protein oxidation. Of the 15 candidates for combined kidney-pancreas transplantation nine agreed to participate twice in the study protocol: the second study was performed Experimental protocol for the Type 1 (insulin-dependent) diabetic subjects, studied before and after combined kidney-pancreas transplantation (study 1 a-1 c). 3-3H-glucose was used to assess hepatic glucose production. Insulin was infused for 2 h (40 mU.m 2 1. min 1) with a 20% glucose solution to keep the plasma glucose concentration at the basal level. Indirect calorimetry was performed continuously. Study lb was performed 3-5 months after transplantation; study lc was performed 10-17 months after transplantation at least three months (and no more than five months) after surgery (study 1 b); six of the nine subjects who participated in studies i a and lb agreed to participate also in the third study protocol (study i c) which took place 6-12 months after study lb (10-17 months after surgery).
Study la. Insulin clamp (Type 1 diabetic uraemic patients before transplantation).
Fifteen Type i diabetic uraemic subjects participated in the first study protocol. They had a mean fasting plasma glucose concentration of about 7.30-8.42 mmol/1 during the three days preceding the study. The mean HbAlc concentration was 8.9 + 0.5%. All subjects followed weight maintaining diet containing at least 250 g of carbohydrate per day and between 40 and 80 g protein per day for at least 7 days prior to the study. All the patients were admitted on the day before the study, at the end of a haemodialysis session. The last doses of intermediate-and short-acting insulin were administered s. c. 36 h and 18 h before the morning of the study (08.00 hours), respectively. Blood glucose was measured every 2 h starting at 17.00 hours on the day before the study; a small bolus (34 U) of regular insulin was administered i.v. when necessary (blood glucose > 15 mmol/1). At 24.00 hours on the day before the study (8 h before the start of the 3-3H-glucose infusion), diabetic uraemic subjects received a basal i.v. insulin infusion at the rate of 4.0 + 0.3 mU. m 2-1. min-1 to maintain the plasma glucose concentration between 6.10~8.45 mmol/1. The low dose insulin infusion was continued until the start of the insulin clamp. After a 120 min equilibration period an insulin clamp study was performed as previously described [18, 19] . A prime-continuous infusion of crystalline human insulin (Novo, Actrapid HM 40 U/ml Copenhagen, Denmark) was administered at the rate of 40 mU. m 2-i. min-1 for 120 min to achieve and maintain an increase in plasma insulin concentration of approximately 65 gU/ml, by means of a Harvard infusion pump (Model 975 A, Millis, Mass., USA). The plasma glucose concentration was kept constant at the basal level by determining the plasma glucose concentration at 5 min intervals and periodically adjusting a 20% glucose infusion based on a negative feed-back principle [18, 19] . The glucose solution was infused by means of a Harvard infusion system (Model 2990, Millis). Blood samples for the determination of the 3-3H-glucose specific activity were drawn every 10 rain throughout the study. A total amount of 90 ml of whole blood was drawn during this study protocol.
Study 1 b and study 1 c. Insulin clamp (patients after combined kidney-pancreas transplantation; transplant duration 4_+1 and 12 + 2 months, respectively).
Nine of the 15 subjects who participated in Study la and three additional subjects, received a repeat insulin clamp four months after transplantation; the experimental protocol was similar to that described in study 1 a with the exception that after transplantation the subjects did not require any insulin the night prior to the study. Six of the subjects who participated in study lb (and 1 a) were studied again after 6.12 months with the same experimental protocol, to assess the effects of both long-term immunosuppressive therapy and of long-lasting normoNycaemia on insulin sensitivity. Six additional subjects who underwent kidney-pancreas transplantation in the period preceding the start of this longitudinal protocol were included in study I c and studied with the previously described protocol. The daily dose of immunosuppressive drugs in studies i b and 1 c was administered at 12.00 hours, at the end of the test.
Study 2. Insulin clamp (normal subjects).
Nine normal volunteers received a 120 rain euglycaemic insulin clamp (40 mU.mZ-l-min -1) in combination with indirect calorimetry and 3-3H-glucose as described previously for study 1 a.
Study 3. Insulin Clamp (subjects on long-term steroid therapy).
An additional control group of six subjects (without a family history of diabetes) on long-term steroid therapy (Table 1) was studied with the same modalities as in studies I and 2 to assess the effect of a long-term steroid administration (comparable to that of transplanted subjects) on glucose metabolism. All the subjects were on steroid therapy for at least four months, and they were matched for sex and BMI with the kidney-pancreas transplantedpatients. Five of them had chronic uveitis, and one, had Behqet's disease.
Study 4. Insulin clamp (subjects on long-term cyclosporin therapy).
Five additional subjects with chronic uveitis without a family history of diabetes on long-term therapy with cyclosporin A were investigated with the same modalities as in studies 1-3 to assess the effect of long-term cyclosporin therapy (per se) on glucose metabolism and insulin resistance. All the subjects received 6 mg. kg-1. day 1 of the drug for at least four months.
Study 5. Insulin clamp (Type i diabetic subjects after isolated kidney transplantation).
Four Type I diabetic subjects after isolated kidney transplantation were used as a last control group. All the subjects were insulin dependent diabetic patients with a fasting plasma glucose of 7.8 + 0.2 mmol/1 and an HbAlc of 8.5 + 0.2%. The long-term immunosuppressive therapy was similar to patients of study lb and lc ( Table 1 ). The study protocol was similar to that of Type 1 diabetic uraemic patients included in study 1 a.
Calculations
Hepatic glucose production in the basal state was determined by dividing the 3-3H-glucose infusion rate by the steady state plateau of 3-3H-glucose specific activity, achieved during the last 30 min of the basal period. Since a non-steady state existed after insulin administration in the plasma glucose specific activity, the rate of glucose turnover was calculated using Steele's equations in their derivative form [20] . During the insulin clamp, the rate of hepatic glucose production was calculated by subtracting the glucose infusion rate from the rate Of glucose appearance measured with the isotope tracer technique. Occasionally, small negative numbers were observed in Table 2 . Plasma concentrations of glucose, non-esterified fatty acids (NEFA), free insulin (IRI) and glucagon (IRG) in the basal state (mean _+ SEM of samples taken in the last 30 rain of the basal period) and determinations made during insulin clamp (mean _+ SEM of samples taken in the 60-120 rain period) in all study groups the control subjects; in such instances the hepatic glucose production was assumed to be zero. In the basal period, total body glucose disappearance was calculated from the 3-3H-glucose data. During insulin/glucose infusion total body glucose uptake was determined by adding the rate of residual hepatic glucose production to the exogenous glucose infusion rate. Since urinary glucose loss was negligible in all the study groups, the total body glucose disappearance corresponded to tissue glucose uptake.
The rates of glucose and lipid oxidation were calculated in the basal state and during insulin infusion from the non protein respiratory quotient [21] , using the tables of Lusk [22] and assuming protein oxidation to be fairly constant during the 4 h study. Nonoxidative glucose disposal was calculated subtracting the glucose oxidation rate from the tissue glucose disposal. Protein oxidation was estimated from urinary nitrogen excretion [21, 23] .
Values for rates of total body glucose utilization and hepatic glucose production represent the mean rates during the last 30 min of the basal state and during the 0-60 and 60-120 min periods of the insulin clamp.
Analytical procedures
Urine and plasma glucose concentrations were determined by a differential-pH method as previously described [24] . Plasma non-esterified fatty acids (NEFA) were measured by an automatized enzymatic colorimetric method (Wako Chemicals GmbH, Neuss, West Germany) [25] ; plasma insulin [8] , free insulin [8] , C-peptide [8] , glucagon [8] , and growth hormone [41] were measured by standard RIA as previously described. Blood cyclosporin concentration was measured by RIA utilizing monoclonal antibodies to recognize native cyclosporin A (Cyclo-Trac, Incstar Co., Stitlwater, Minn., USA) [42] . Plasma 3-3H-glucose specific radioactivity was measured in duplicate on the supernatants of Ba(OH)JZnSO4 precipitates, after total evaporation to eliminate 3H-water (Somogyi's method) [26] . Urinary nitrogen excretion was measured by Kjeldhal's method [23] .
Statistical analysis
All data are presented as mean +_ SEM. Comparisons between the basal and the insulin-stimulated state within a group were performed using the Student's t-test for paired data. Comparisons between different groups were performed using both the analysis of variance and the Student's t-test. (Tables i and 2) Plasma glucose concentration was 8.03 mmol/1 in Type 1 diabetic uraemic subjects and 7.85 mmol/1 in Type 1 diabetic patients with isolated kidney transplantation when the 3-3H-glucose was started, and remained fairly constant until the start ofinsulininfusion. When insulin was started (40 mU-m 2-1. min 1) the plasma glucose concentration was allowed to decrease to euglycaemic values, where it was clamped for an additional 120 min. During the euglycaemic insulin clamp the plasma glucose concentration was maintained between 4.90 and 5.40 mmol/1 in all groups with a coefficient of variation of 3 + 1% (Table 2) .
Results
Plasma metabolite and hormone concentrations
Basal plasma NEFA's were not statistically different in all groups; following insulin infusion the decrease of plasma NEFA's was lower in study 1 a and 5 compared to studies i b, 1 c, 2, 3, and 4 ( Table 2) .
Plasma urea, creatinine, and phosphate were significantly increased in study i a compared to studies i b, lc, 2, 3, 4, and 5 (p < 0.01). Blood pH was significantly decreased (p < 0.01) in Study i a compared to the other study groups ( Table 1) .
The basal free immunoreactive insulin concentration was significantly increased in Type i diabetic uraemic patients before transplantation, in all patients after transplantation, and in group 5, compared to normal subjects, control subjects on long-term steroid therapy and control subjects on long-term cyclosporin therapy (p < 0.01). During the clamp, the increment in plasma free immunoreactive insulin concentration was similar in all groups (Table 2) .
Basal plasma glucagon concentration was higher in Type 1 diabetic-uraemic patients compared to all study groups. During the 0-120 min period of insulin infusion, plasma glucagon, either decreased slightly or did not change in all the study protocols ( Table 2 ).
Plasma growth hormone was significantly increased in study 1 a when compared to all study groups (p < 0.01) ( Table 1) . (Fig. 2, Table 3) During the last 30 rain of the basal period, hepatic glucose production of diabetic uraemic patients before transplantation was significantly higher than that observed in the remaining groups with the exception of group 5. When the insulin clamp was started, the hepatic glucose production decreased by 70% after 30 min in studies 1 b, i c, 2, 3, and  4 , and was reduced by 90% after 90 min. Study 1 a (Type 1 diabetic-uraemic subjects before transplantation) demonstrated only a 50% suppression of hepatic glucose production after 30 min of insulin infusion (p < 0.01), and 80% suppression after 90 min of insulin•177 (Fig. 2) . Study 5 had a basal hepatic glucose production of 2.8+ 0.3 mg-kg-l-min-% which demonstrated an 85% suppression at 80 min after the start of insulin infusion. (Fig. 3, Table 3 )
Hepatic glucose production
Tissue glucose disposal
In the basal state, total body tissue glucose disappearance was 30% greater in Type I diabetic-uraemic subjects and in group 5 when compared to the remaining study groups. Oxidative glucose disposal (Table 3) In the post-absorptive diabetic uraemic subjects glucose oxidation was similar to all the remaining groups. In response to insulin (60-120 min of the clamp) both the absolute rate of glucose oxidation (Table 3) , as well as the percentage increase in glucose oxidation above baseline, were reduced in study i a (30%) compared to studies lb Table 3 . Values of hepatic glucose production, tissue glucose disposal and substrate oxidation rate in the basal state and during the last h of the insulin clamp. All the numbers represent the mean + SEM of measures taken in the last 30 rain of the basal period (B as) and of the 60-120 min period of the insulin clamp (Ins) , and 4 (117%), but did not show a significant difference when compared to study 5 (35%). Non-oxidative glucose disposal during the last h of the insulin clamp was reduced in study lb, lc, and 3, when compared to study 2 and 4 ( Table 3) . Non-oxidative glucose disposal was significantly increased in study lc, when compared to study la Co < 0.01).
Lipid and protein oxidation (Table 3) Basal lipid oxidation was comparable in all the study groups. Following insulin infusion, the decrease of the lipid oxidation rate was significantly less in studies 1 a and 5 CO < 0.05) when compared to studies i b, 1 c, 2, 3, 4.
In the basal state the protein oxidation rate, estimated from the nitrogen excretion was significantly increased in Table 4 . Plasma immunoreactive insulin (IRI) in the basal state (Bas), during a 75 g oral glucose tolerance test (OGTT) (samples taken at 60 and 120 min) and during a 0. (Table 3) .
Discussion
Both Type i diabetes [27, 28] and chronic renal failure [29, 30] determine an impairment of insulin action. The cause of insulin resistance is multifactorial and has been related to hormonal and metabolic abnormalities [13, [31] [32] [33] [34] [35] [36] [37] [38] [39] [40] [41] [43] [44] [45] [46] [47] [48] [49] [50] [51] . In contrast with Type 1 diabetes, in chronic renal failure high polypeptide hormone levels, are not necessarily the result of hypersecretion, but can be due to clearance defects. An important clinical consequence of the reduced insulin clearance is the diminished insulin requirement in Type 1 diabetic uraemic patients. In addition, hyperglucagonaemia of chronic renal failure is only partially accounted for by a biologically active glucagon concentration [47] .
Many authors have shown that a short-term strict glycaemic control improves insulin sensitivity in Type 1 diabetic subjects [53, 54] . Haemodialysis programmes have been shown to reduce insulin resistance in patients with chronic uraemia [55] . Successful combined kidneypancreas transplantation results in continuous maintenance of normal glucose homeostasis [7, 8, 56] and kidney function [8, 56] . All the 15 subjects described in this study who had undergone combined kidney-pancreas transplantation had optimal glycaemic control during the two months preceding the study. After combined transplantation the patients were slightly hyperinsulinaemic both basally and following oral glucose tolerance test or intravenous glucose tolerance test (Table 4) . This was probably due to the fact that after pancreatic transplantation insulin is secreted into the iliac and not into the portal vein, which leads to a condition of relative peripheral hyperinsulinaemia. All the other metabolic and hormonal parameters were in the normal range (Tables 1  and 2 ). Plasma glucose, blood pH, plasma glucagon, and plasma growth hormone, were normalised after transplantation (Tables 1 and 2 ), eliminating some of the causes of insulin resistance previously described [35, 43, 31, 33] . Nonetheless, the insulin-stimulated tissue glucose uptake was reduced by 25% in comparison to normal subjects (group 2). Among the drugs used in our immunosuppressive protocol, prednisone has been widely shown to impair tissue glucose disposal in vivo [13, 14] . To test the hypothesis that the residual insulin resistance may have been due to long-term steroid therapy, we have studied group 3. During the last h of the insulin clamp, the insulin-stimulated tissue glucose disposal of control subjects on long-term steroid therapy was comparable to that of patients after combined kidney and pancreas transplantation (after one year of transplant) and was significantly lower than that in the group of normal subjects (Table 3, Fig. 3) . Interestingly, the insulin-stimulated oxidative glucose disposal rates are similar in patients after transplantation, in control subjects in long-term steroid therapy, and in normal subjects (Table 3) . Thus, long-term steroid therapy reduces peripheral glucose utilization essentially by impairing the glycogen synthetic pathway. The oxidative pathway is however unaltered. This is in agreement with the ,,in vivo" observation of Baron et al. who demonstrated an impaired stimulation of insulin-mediated glucose disposal and a normal noninsulin mediated glucose uptake [15] .
The study of group 4 has shown that therapeutic doses of cyclosporin A have no apparent effect on insulin action in vivo (Fig. 3) . Thus, we reasonably conclude that prednisone is the cause of the residual insulin resistance in our transplant patients. Cyclosporin is also known to affect renal function [57] . Only three cyclosporin-treated patients demonstrated a transient renal impairment during the study protocol, which was certainly due to cyclosporin toxicity. All the other patients had a relatively low renal toxicity because of the strict maintenance of blood cyclosporin therapeutical range (150-300 ng/ml).
Hepatic glucose production demonstrated a marked resistance to its suppression during insulin clamp in patients before pancreatic transplant, which was completely reversed at only four months after surgery (Fig.2) . In many reports "pure" insulin dependent diabetic patients [27, 41] and "pure" uraemic patients [30] , showed no insulin resistance at the liver site with a similar insulin dose. We believe that the delayed suppression of hepatic glucose production (70 min) may be due to the combination of diabetes and uraemia, in this study group (1 a).
Basal tissue glucose disposal was increased in studies 1 a and 5 with respect to all groups (Table 3 ). This can be explained by the higher basal plasma glucose concentration in studies i a and 5, which may consequently enhance glucose uptake by mass action effect [41] . Expressing glucose disposal as clearance rate of glucose [41] , the tissue glucose clearance would be diminished in studies i a and 5 compared to all groups.
No difference was shown in the basal state between Type 1 diabetic uraemic patients and post-transplant patients as regards the lipid oxidation rate. Following insulin infusion, the decrease of lipid oxidation was significantly less in study l a than in studieslb and lc, indicating an improvement of insulin-stimulated lipid metabolism after pancreas transplantation. The protein oxidation rate was also normalised by combined transplantation (Table 3) . Although prednisone has been shown to increase protein catabolism [58] [59] [60] [61] our prednisone-treated groups showed normal protein catabolic rates, again probably explained by the low dose of this drug administered.
The study of group 5 (Type 1 diabetic patients with isolated kidney transplant) allowed us to separate the effect of isolated kidney and isolated pancreas transplantation on insulin sensitivity. On the basis of our results we consider that both Type i diabetes and uraemia play a role in reducing insulin sensitivity.
